JUL-26-2006 15:28 



UN I VAT I ON TECH LAW 



713 G92 3687 P. 005 




Europalsches patentamt 
European Patent Office 
Offica ouropSen des brevets 




(Tj) Publication number : 0 436 399 A2 



EUROPEAN PATENT APPUCATION 



<g) Application number: 3031 4420.2 
(g> Date of filing : 28.12.90 



<g> int CL fi : C08F 4/602, C08F 10/00 



(S3) Priority: 3ft.12.89 JP 340912/89 
29.12.Ed JP 340915/89 
29.12.89 JP 340918/89 



(3) Date of publication of application : 
^ 10.07.91 Bulletin 91/28 

(£) Designated Contracting States : 

^ ATBECHDEDKESFRG3GRITULUNL* 

fib AppBcaftt: MITSUI PETROCHEMICAL 
INDUSTRIES, LTD. 

2-5, KasumJgasetd 3-chome Chiyoda-ku 
Tokyo 100 (JP) 



(55) Inventor: Tsutsui, Toshiyuki, e/o MITSUI 
^ PETROCHEM. IND. LTD 

1-2 Wakl e-chome, Waki-cho 

Kuga-gun, Yamaguchl 740 (JP) 

Inventor: Sugimura, Kenjl, c/o MITSUI 

PETROCHEM. IND. LTD, 

1.2 Waki 6-chome, Waki-cho 

Kuga-gun, Yamaguchl 740 (JP> 

Inventor : Ueda, Takashi, cto MITSUI 

PETROCHEM. IND. LTD. 
1-2 Waki 6-chome, Waki-cho 
Kuga-gun, Yamaguchl 740 (JP) 

(53) Representative : Myerscough, Philip Boyd et al 
^ J. A. Kemp & Co. 14 South Square, Gray** Inn 
GB-London WC1R 5LX (GB) 



<g) Olefin polymerization catalyst and process for the polymerization of olefins, 

@ In accordance with the present invention, there are provided olefin polymerization catalysts comprfs- 

jA] a titanium catalyst component containing titanium, magnesium and hatogen as Its essential 

t^lfa^l^on metal compound containing a Ugand having a cydcalkadienyl skeleton. 
[C] an organoaluminum cxy-ccm pound and, tf necessary, 

^uT^ invention, then, ate provided *.^nca^ 

compS [A] a titanium catalyst component containing titanium. ™9^<™ ™* h f^J^jS 
ess^tiaMngredlents. a transition metal compound containing a Ogand having a eydoaikadlenyt 
skeleton and an anion compound containing boron, and 
[C] an organoaluminum oxy^compound and/or 
ID] an organoaluminum compound. 
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OLEHN POLYMERIZATION CATALYST AND PROCESS FOR THE POLYMERIZATION OF 

OLEFINS 



FIELD OF THE INVENTION 

This Invention relates to olefin polymerization catalyst and process for the polymerization of olefins using 
said catalyst, end more particularly to novel olefin polymerization catalysts having excellent polymerization 
s activities and capable of giving olefin (co) polymers having a broad molecular weight distribution and to a pro- 
cess for the polymerization of olefins using said catalysts. 

BACKGROUND OF THE INVENTION 

10 It has heretofore been known that titanium based catalysts composed of a titanium compound and an 
organoaluminum compound are used as catalysts for the preparation of a-otefin polymers, for example, 
ethylene polymers or emylene/o-oiefin copolymers. 

Generally, olefin polymers obtained with the titanium based catalysis have a broad molecular weight dis- 
tribution and a broad composition distribution In particular and are poor In surface non-tackiness and transpa- 

15 rency. 

On the one hand, there have been proposed recently processes for the preparation of eUrylene/oolefin 
copolymers using catalysts composed of zirconium compounds and aki mfnoxanes as new type of Zleg ler catal- 
ysts for olefin polymerization. 

PCT L-O-P PuWns. Nos. 501950/1989 and 502036/1989 disclose processes for the preparation of transi- 
20 tion metal compound catalysts containing Uganda having a cydoaJkadtenyl skeleton and anions containing 
elementary boron, and teach that the catalysts exhibit activities In olefin polymerization. 

Olefin polymers obtained with the above-mentioned new type of Zlegler catalysts for olefin por/merization 
usually have a narrow molecular weight distribution and a narrow composition distribution. On this account 
olefin polymers which have a broad molecular weight distribution according to the purposes for which they are 
2$ used and which are excellent in moJdabiHty have ardently been desked. 

Further, it is difficult to obtain olefin polymers having a high molecular weight by polymerization or copolym- 
ertzation of olefins in the presence of transition metal compound catalysts containing ligands having a cydoat- 
kadienyi skeleton. Accordingly, it has been desired that transition metal compound catalysts containing Uganda 
having a cycloalkadlenyi skeleton which are capable of giving olefin polymers having a high molecular weight 
so be developed to make their appearance. 

OBJECT OF THE INVENTION 

The present invention has been accomplished in light of the prior art as mentioned above, and an object 
35 of the invention is to provide olefin polymerization catalysis having excellent polymerization activities and cap- 
able of giving olefin (co)pdymers which are weP balanced between such physical properties as broad molecular 
weight distrflnmon, excellent moldabinty and narrow composition distribution, and a process tor the polymeri- 
zation of olefins using said catalysts. 

40 SUMMARY OF THE INVENTION 

The first olefin polymerization catalyst of the present invention is characterized by comprising 
[A] a titanium catalyst component containing titanium, magnesium and halogen as Its essential ingredients, 
[B-1]a transition metal compound containing a ligand having a cydoalkadienyl skeleton, 
45 [C] an organoaluminum oxy-compound. and, if necessary, 
[D] an'organoaluminum compound. 

The second olefin polymerization catalyst of the invention is characterized in that the catalyst Is formed by 
pre-polymenzation of olefin in a suspension containing 

[A] a solid titanium catalyst component containing titanium, magnesium and halogen as its essential Ingre- 
50 dients, 

fS-1] a transition metal compound containing a ligand having a cydoaHcadienyl skeleton. 
[C] an organoalumTnum oxy-compo und and. If necessary, 
ID] an organoaluminum compound. 

The third olefin polymerization catalyst of the invention is characterized by comprising 

2 
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(I) A solid catalyst formed by pre- polymerization of olefin in a suspension containing 

[A] a solid titanium catalyst component containing titanium, magnesium and halogen as Hs essential ingre- 
dients, 

P3-1] a transition metal compound containing a ligand having a cycloalkadienyl skeleton, 

[C] an organoalumfnum oxy-compound and. if necessary, 

[D] an organoatuminum compound, and 

(II) jpj an organoalurnlnum oxy-compound and/or ID] an organoaluminum compound. 



The fourth olefin polymerization catalyst of the invention Is characterized by comprising 
[A] a titanium catalyst component containing titanium, magnesium and halogen as Bs essential Ingredients. 
[B-2]a transition metal compound containing a ligand having a cycloalkadienyi skeleton and an anion con- 
taining an elementary boron, and 
is [Cn an otgarioarumlnum oxy-compound and/or [DJ an organoaluminum compound 

The polymerization catalysts of the present invention as llustrated above may contain olefins which have 
been prepoiymerized. 

The fifth olefin polymerization catalyst of the invention Is characterized by comprfslng 

20 (I) a solid catalyst component formed by pra-polymerfzarJon of olefin in a suspension containing 

fA]a titanium catalyst component containing titanium, magnesium and halogen as its essentia! ingredients, 
[&-2] a transition metal compound containing a ligand having a cydopentadienyl skeleton and an anion 
containing elementary boron, and 

25 (II) [C] an oigaircalumirtum oxy-compound and/or [D] an organoakimlnum compound. 

The process for the polymerization of olefins of the present Invention is character ized b y polymerizing or 
copolymenzlno the olefins in the presence of the olefin polymerization catalysts as illustrated above, 
so The olefin pdymerizatJon catalysts of the Invention have excellent polymerization activities and are capable 
of giving high molecular weight olefin (copolymers having a broad molecular weightdlstribution and excellent 
in mcldability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

39 Fig. 1 1s a graph showing IR spectrum of a benzene-Insoluble organoaluminum oxy-compound used in the 
present Invention. 

Fig. 2 is a graph showing IR spectrum of a known benzene-soluble organoaluminum oxy-compouna. 

40 DETAILED DESCRIPTION OF THE INVENTION 

The olefin polymerization catalysts of the present invention and the process for the polymerization of olefins 
using said olefin polymerization catalysts are Slustrated below in detail. 

In the present invention, the term 'polymerization" is sometimes used in a sense that it includes not only 
45 homopolymen^atton but also coporymerization, and also the term •polymer* is sometimes used In a sense that 
It Includes not only homoporymer but also copolymer. 

The first olefin polymerization catalyst of the invention comprises 

[A] a titanium catalyst component containing titanium, magnesium and halogen as essential ingredients, 
[B-lj a transition metal compound containing a ligand having a cycloalkadienyi skeleton, 
so [C] an organoatuminum oxy-compound and, if necessary, 
p] an arganoahimlnum compound. 

First, the titanium catalyst component as mentioned In [A] above Is illustrated. This titanium catalyst com- 
ponent [A] contains titanium, magnesium and halogen as Its essentia] Ingredients, and it further contains, If 
necessary, an electron donor. 
55 The above-mentioned titanium catalyst component IAJ may be prepared by bringing a magnesium com- 
pound, a titanium compound and, if necessary, an electron donor into contact with one another. 

Titanium compound useful for the preparation of the titanium catalyst component |A) Includes tetravalent 
titanium compounds usually represented by the formula Ti (OR^ (wherein R is a hydrocarbon group, X is 
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halogen, and0£g£4). More particularly, these titanium compounds include titanium tetrahalides such as HCU, 
TlBr^. and TH 4 ; atkoxytitanium trihalides such as TKOCHdCfe, TKOCaHj^Cla, TKO n-C^C^, TKO iso- 
CUH a )d3, TKOC^Br* and Ti(0 iso-C^B* ; 

alkaxytitanhim dihalidessuch asTKOCHafcCI* TKOCaHsfcCfe TKO n-C^gfeCfe. andTKOCaHsfcBra ; trialkoxyti- 
$ tanwm monohalides such as TKOCH^a, TUOCiHsfca, Ti(0 n-C^H*)^ and TKOCaHefeBr ; and tetraalkoxytt- 
tanium such as TKOCH^ Ti(OC2H 5 ) 4 , T1(0 n-C^Ha)* Ti(0 iso-C 4 Ha>4 and Ti(0 2-ethylhexyl)^ 

Of the useful titanium compounds as exemplified above, preferred are halogen containing titanium com- 
pounds, in particular, titanium tetrahalides and especially titanium tetrachloride. These titanium compounds 
may be used either singly or in admixture of two or more, and also they may be diluted, before use, with hyd- 
ro rocarbon compounds or halogenated hydrocarbon compounds. 

Further, trivalent titanium compounds such as HO* may be used. 

Magnesium compounds useful for the preparation of the titanium catalyst component [A] in the present 
Invention include those having reducing ability and those having no reducing ability. 

The magnesium compounds having reducing ability as referred to herein include, for example, those having 
1S a magnesium-carbon bond or magnesiunvhydrogen bond. Concrete examples of such magnesium compounds 
as havmg reducing abaity Include dimethylmagnesium, diethylmagnesium, dipropyimagnesium, dlbutylmag- 
nesium, diamy&rragnesium, dfoexylmagnesium, didecytmagnesfum, ethylmagnesium chloride, propylmag- 
nestum chloride, butyfmagnesium chloride, hexylmagnesium chloride, emyimagnestum chloride, butyl ethoxy 
magnesium, ethyl butyl magnesium, octyi butyl magnesium, butylmagnesium hallde, etc The magnesium com- 
20 pounds exemplified above may be used singly, or may form complex compounds with organoaluminum com- 
pounds as will be mentioned later, and they also may be either liquid or solkL 

Concrete examples of magnesium compounds having no reducing abfllty include halogenatod magnesium 
such as magnesium chloride, magnesium bromide, magnesium iodide or magnesium fluoride ; efcoxy mag- 
nesium halide such as methoxy magnesium chloride, ethoxy magnesium chloride, isopropoxy magnesium 
26 chloride, butoxy magnesium chloride or octoxy magnesium chloride ; aryloxy magnesium halide such as 
phenoxy magnesium chloride or methylphenoxy magnesium halide ; alKoxy magnesium such as ethoxy mag- 
nesium, isopropoxy magnesium, butoxy magnesium, rwctoxy magnesium or 2-ethyihexoxy magnesium ; 
aryloxy magnesium such as phenoxy magnesium or d imethyiphenoxy magnesium ; and magnesium carboxyl- 
ate such as magnesium laurate or magnesium stearate. 
so The magnesium compounds having no reducing abfllty exemplified above may be compounds derived from 
the above-mentioned magnesium compounds having reducing ability or compound derived at the time of pre- 
paration of catalyst component The magnesium compound having no reducing abflKymay be derived from the 
magnesium compounds having reducing abTrty, for example, by bringing said magnesium compounds having 
reducing ability into contact with polysaoxane compounds, halogen containing s3ane compounds, halogen con- 
as taining aluminum compounds or compounds such as esters, alcohols, etc 

The magnesium compounds used in the present invention may also be complex or composite compounds 
of the above-mentioned magnesium compounds with other metals, or mixtures thereof. Further, the magnesium 
compounds used herein may also be mixtures of two or more of these compounds mentioned above. 

Of these magnesium compounds exemplified above, preferred are those having no reducing abfihy, par- 
40 tjcularty halogen containing magnesium compounds. Of the halogen containing magnesium compounds, pre- 
ferred are magnesium chloride* alkoxy magnesium halide and aryloxy magnesium halide. 

In preparing the titanium catalyst component [A], It is preferable to use an electron donor. Useful electron 
dortots include alcohols, amines, amides, ethers, ketones, eaters, nitrites, phosphines, stfcines, arsines, phos- 
phorarrtides, thioethers, tWoesters, add anhydrides, acid halides aldehydes, alcoholates. 
4S alkosxy(aiyloxy)sUanes and organic adds. Of these electron donors exemplified above, preferred are alcohols, 
amines, ethers, esters, acid anhydrides, alkoxy(arylQxy)3Bane3 and organic acids. 

The titanium catalyst component [A3 may be prepared by bringing the above-mentioned magnesium com- 
pound (or metallic magnesium), titanium compound and, if necessary, electron donor into contact with one 
another. In preparing the titanium catalyst components, there may be employed the known method for the pre- 
ea paration of highly active titanium catalyst components from magnesium compounds, titanium compounds and, 
if necessary, electron dono**. The above-mentioned components may be brought into contact with one another 
in the presence of other reaction reagents, for example, silicon, phosphorus and aluminum. 

Briefly illustrated below are several examples of the process for the preparation of these titanium catalyst 
components. 

ss In the following processes for the preparation of the titanium catalyst component ffl as wfll be illustrated 
below, the electron donor is used , but the use of the electron donor is not always necessary. 

(1) A process wherein a magnesium compound era complex compound comprising the magnesium com- 
pound and electron donor is aHowed to react with the titanium compound in the liquid phase. In carrying out 

4 
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this reaction, each reactant may be pretreated with a reaction assistant such as the electron donor and/or an 
cuganoajuminum compound or a halogen containing silicon compound. In this process, the above-mentioned 
electron donor is used at least one time. 

(2) A process wherein a liquid magnesium compound having no reducing ability Is allowed to react with a 
6 liquid titanium compound In the presence of an electron donor, thereby separating out a solid magnesium 

titanium composite. 

(3) A process wherein the reaction product obtained in the process (2) is allowed to react further with a 
titanium compound* 

(4) A process wherein the reaction product obtained in the process (1) or (2) is allowed to react further with 
to an electron donor and a titanium compound, 

(5) A process wherein a solid product obtained by pulverizing a magnesium compound or a complex com- 
pound comprising a magnesium compound and an electron donor In the presence of a titanium compound Is 
treated with any of halogen, a halogen compound and an aromatic hydrocarbon. In carrying out this process, 
the magnesium compound or the complex compound comprising the magnesium compound and the electron 

is donor may be pulverized in the presence of a pulverized assistant Further, after pulverizing the magnesium 
compound or the complex compound comprising the magnesium compound and the electron donor in the pre- 
sence of the titanium compound, the solid product obtained thereby is pretreated with a reaction assistant, fol- 
lowed by treatment with halogen or the like. The reaction assistant used herein Includes an organoaluminum 
compound or a halogen containing silicon compound. In this process, the electron donor b used at least one 

20 time. 

(6) A process wherein the compound obtained In the processes (1H4> is treated with halogen, a halogen 
compound or an aromatic rrydrocarbon. . 

(7) A process wherein a contact reaction product of a metallic oxide with dihydrocartyl magnesium and a 
halogen containing alcohol is brought into contact with an electron donor and a titanium compound. 

25 (8) A process wherein a magnesium compound such as magnesium salt of an organic acid, alkoxy mag- 

nesium or aryloxy magnesium Is allowed to react with an electron donor, a titanium compound and/or a halogen 
containing hydrocarbon. 

(9) A process wherein a catalyst component contained in a hydrocarbon solution at least comprising a mag- 
nesium compound, alkoxy titanium and/or an electron donor such as alcohol or ether are allowed to react with 

30 a titanium compound and/or a halogen containing compound such as a halogen containing silicon compound. 

(10) A process wherein a liquid magnesium compound having no reducing ability is allowed to react with 
an ofgarwaluminum compound to separate a solid magnesium aluminum composite, followed by reaction with 
a titanium compound. 

Of the above-mentioned processes (1) to (10) for the preparation of the titanium catalyst component [A], 
35 preferred are the processes (1) to (4) end (10). 

Further, a mixed solution of a liquid magnesium compound having no reducing ability and a titanium com- 
pound may also be used. 

The amount of each of the above-mentioned components used In the preparation of the titanium catalyst 
component [A] cannot be Indiscriminately defined, because it varies according to the process employed. For 
40 example, however, there may be used, based on 1 mole of the magnesium compound, the electron donor In 
an amount of about 0.01*20 moles, preferably 0.05-1 0 moles, and the titanium compound in an amount of about 
0.01-500 moles, preferably 0.05^300 moles. 

The titanium catalyst component thus obtained oontains magnesium, titanium, halogen and, rf necessary, 
an electron donor, as its essential ingredients. 
4$ in the titanium catalyst component [A], Halogen/Tl (atomic ratio) is about 4-200. preferably about 9-100, 

the above-mentioned electron dononTi (molar ratio) Is about 0.1-60, preferably about 0.2-25. and Mg/Ti (atomic 
ratio) Is about 1-100, preferably about 2-50. 

In comparison with commercially available halogenated magnesium, the titanium catalyst component [A], 
when it is in the solid form, contains halogenated magnesium having small crystal size whose specific surface 
so area is usually larger than about 10 mVg, preferably about 30-1000 m*/g and especially about 50-600 nWg. 
This solid state titanium catalyst component [A] does not substantially change In composition when it re washed 
with hexane, because the above-mentioned components used in said titanium catalyst component [A] are inte- 
grated Into an integrated catalyst component 

The processes for the preparation of such highly active titanium catalyst components [AJ as mentioned 
55 above are disclosed, for example, in Japanese Patent L-O-P PuWns. Nos, 108385/1 975, 12659071975, 
20297/1976, 28189/1976, 64536/1978, 2885/1976, 136625/1976, 87489/1977. 100596/1977. 147688/1977, 
104593/1977, 2580/1978, 40093/1978, 40094/1978, 43094/1978, 135102/1980. 135103/1980, 1S2710/1980. 
811/1981. 11908/1981, 18606/1981, 83006/1983, 138705/1983, 138706/1983, 138707/1983. 138708/1983. 

5 
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138709/1983, 136710/1983, 138715/1983, 23404/1985, 195108/1985, 21109/1986, 37802/1986 and 
37803/1986. 

Usually, the titanium catalyst components [A] obtained In the manner now described are desirably those 
exhibiting an ethylene polymerization activity of 200 g-polymer/mmol-Ti x h x atm, preferably higher than 500 
5 9-polyitier/mmol-Ti xhx aim, whan used in combination with an organoaiuminum, 

The transition metal compound [B-1J containing a llgand having a cydoalkadfenyi skeleton used in the pre- 
sent invention is represented by the formula ML* wherein M Is a transition metal, Lis a figand coordinating to 
the transition metal* at least one of Lisa iigand having a cydoalkadienyl skeleton, and when at least two or 
more Uganda having a cydoalkadtenyt skeleton are contained, at least two Irgands having a cydoalkadienyl 
10 skeleton may be linked together via lower alkylene, substituted alkylene, sflylene or substituted sflylene, L other 
than the ligand having a cydoalkadienyl skeleton Is hydrocarbon group of 1-12 carbon atoms, alkoxy of 1-12 
carbon atoms, aryloxy, halogen or hydrogen, and x is a valence of the transition metal. 

In the above-mentioned formula* M which is a transition metal includes zirconium, titanium, hafnium, 
chromium or vanadium by preference, and particularly preferred are zirconium and hafnium. 
1$ The Uganda having a cydoalkadienyl skeleton include, for example, cydopentadienyl, aJkyl-substttuted cyc- 
lopentadlenyl such as rne thylcyclopentadlenyl, ethylcydopentadienyt, rvbutyl cyclopentadienyl, dlmethyfcyc- 
lopentadlenyl and pentamethytcydopentadienyl, and indenyl and fluorenyf . 

Two or more ngands having a cydoalkadienyl skeleton as mentioned above may coordinate to the transition 
metal and. In this case, at least two Uganda having a cydoalkadienyl skeleton may be linked together via 
20 alkylene, substituted alkylene, sBylene orsubstituted silylene. The alkytene group includes methylene, ethylene 
and propylene, the substituted alkylene includes Isopropyjldene, eta, and the substituted slyfene indudes 
dimethylsnylene and diphenyisllyiene. 

The ligand other than those having a cydoalkadienyl skeleton is a hydrocarbon group of 1-12 carbon atoms, 
an alkoxy group, an aryloxy group* halogen or hydrogen. 
29 The hydrocarbon group having 1-12 carbon atoms mentioned above Indudes, for example, atkyi, cycloak 
kyi, aiyl and araikyi, and the alkyl group includes methyl, ethyl, propyl, isopropyl and butyl. 

The cydoalkyS group mentioned above indudes, for example, cydopentyi and cydohexyl, the aryl group 
indudes, for example, phenyl and totyl, and the araikyi group indudes, tor example, benzyl and neophyl. 

The alkoxy group mentioned above indudes, for example, methoxy, ethoxy and butoxy, and the Bryioxy 
3D group includes, for example, phenoxy. 

The halogen mentioned above Indudes, for example, fluorine, chlorine, bromine and iodine. 

Listed below are typical representatives of the transition metal compounds having a cydoalkadienyl skele- 
ton, represented by the aforementioned formula MU in which M Is zirconium. 

Bis<cydopentadl8nyl>drconium monochloride monohydride, 
35 Bis(cydopentadlenyi)zirconlum monobromide monohydride, 

Bls<cydopentadienyl)methyi zirconium hydride, 

Bis(cydopentadIenyl}ethyt zirconium hydride. 

Bh^cydopentadienyOphenyl zirconium hydride, 

Bis(cydopentadienyf)benzyl zirconium hydride, 
40 BIs(cyclopentadIenyl)neopeniyl zirconium hydride, 

Bis(methylcycIopentadieriyl)z;^ monochloride hydride, 

SIs(tndenyl)zirconium monochloride monohydride, 

Bis{cydopentadienyrjzircoriium dichloride, 

Bis(cydopentadfenyl)zirconium dibromlde, 
46 Bis<cydopentadienyI)methyl zirconium monochloride, 

BSs(cydopentadl8nyI)etriyI zirconium monochloride, 

Bis(cydopentadieny])cydohexyl zirconium monochloride, 

Bb(cycJopentadlenyl)phQnyl zirconium monochloride, 

Bis(cydopentadIenyl)benzyl zirconium monochloride, 
so Bis(methylcydoper^oleiryl)zirconftjm dlchloride, 

Bls(n-buty1 cyclopentadienyl )zirconium dichloride, 

Bis^ndenyOzirconlum dichloride, 

Bis(lndeny]}zirconium drbromids, 

BIs(cydopentad]enyl}zirconjum dimethyl, 
6$ Bls(cycJopentBOleny^lrcontum diphenyl. 

Bis(cydopentaolenyl)zirconlum dlbenzyl, 

Bis(cydopentadlenyT)z'iroonium methoxychJoride, 

B?s(cydopentadreny^irconium ethoxychloride, 

6 
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Bte(mothytcydopQntidjQrtyOziit^nkjiti ethoxy chloride, 

Bis(cyciopentad!eny0z2Fcontum phonoxychloride. 

Bis{fluorenyl)zirconlum dlchloride, 

Ethtf enebikindenyOdimethyl zirconium, 
s EthyleneblsOndenyOdiethyl zirconium, 

EthytenebLSQndBnyQdlphenyl zirconium. 

Ethylenebi3(IndenyQrnethyl zirconium mortochloride, 

EthylenebisflndenyQethyl zirconium inonochloride, 

Ethytenebl&(indenyl)methyl zirconium monobromkie, 
10 Et^enebis^denyQzireoniuni dfchloride, 

Etr^ertebjs(indenyl)zircontum dlbrornlde, 

EtfT^©aabis(4^5 f 8 t r^trahydrc-1^ndenyf)dim©thyt zirconium, 

Eihyteriebis(4,&\e ,7^irahydro-lHndenyi)methyl zirconium monochiorfde, 

Ettylenebis^S^^irenydro-^^ 
15 Ethy!enebls(4,5 f 6 ? 7-tetrah^ dlbromide, 

Etrr/lenebIs{4Hneth)1-lHnten^^ dichloride, 

Ett^nebis<5H(nemyl-1^nd©nyl)ziroonhjm dichloride. 

Eth>ieriebis{6^^y^1^nden^2irconJum dlchlorido, 

E^enebis^HTiethyI-1*inden^rconium dfchlorfde, 
a> Ethylenebte(5^6thcay-lHndeny!)zlrconium dichloride, 

Ethylen6bis(2,3^knethy^14ndenyl}2rrconium dichloride, 

Ethyleoeb!s(4J^Iir*^ dichloride, 

Ethylenebis(4J^trrffitto^ dichloride, 

DimethyMyIertenbIs(cv^^ dichloride, 
2S DImethyteayten6bisGnd©nyl)z&ronIuin dichtoride. 

Dtmethyfeny(enebls(meth^cydopenta<^ dichloride, 

IsopiopytldenebisGndenyQztaconiiro di chloride, 

lsoproj^idene{cydop€ntadietr^ dichloride. 

There may also bo used transition metal compounds obtained by replacing the zirconium metal in the 
so above-exemplified zirconium compounds with titanium motel, hafnium metal, or vanadium metal. 

The transition metal compounds [B-1] as exemplified above may be supported by an inorganic carrier such 
as silica or alumina, a polymer such as polyethylene or polystyrene, or a solidified organoaluminum oxy-com- 
pound, and also may be pm-pofymerfzed with olefin. When the transition metal compound Is supported by the 
solidified organoaluminum oxy^compound, the organoaluminum oxy-compound may be used or not at the time 
55 of polymerization of olefins. 

The processes for the preparation of such solid transition metal compounds are disdosed, for example, in 
Japanese Patent L-O-P PuWna Nos. 51405/1988, 51407/1988, 54403/1963, 6101071988, 22504/1988, 
89505/1988, 213504/1988, 260903/1988 and 280703/1988. 

In particular, when olefins are polymerized by gas phase polymerization or suspension polymerization, it 
40 Is desirable to use the above-mentioned solid transition metal compounds as the [B-1] component 

The organoaluminum oxy-compound [C] used In the present invention may be known aluminoxane or a 
benzene-insoluble organoaluminum oxy-compound first discovered by the present inventors. 

The above-mentioned aSuminoxane may be prepared, for example, by the following procedures. 

(1) The procedure for recovering aiurnmoxanes as their solution In hydrocarbons which comprises reacting 
45 organoaluminum compounds such as trialkylalumlnum with suspensions In hydrocarbon solvents of com- 
pounds having absorbed water or salts containing water cf crystallization, for example, hydrates of magnesium 
chloride, copper sulfate, aluminum sulfate, nickel sulfate or cerous chloride. 

(2) The procedure for recovering aluminoxanea as their solution in rtydrocarbons which comprises allowing 
organoaluminum compounds such as trialkylalurninurn to Interact directly wfth water, ice or water vapor in sol- 

eo vents such as benzene, toluene, ethyl ether and tetrahydrofuran. 

In this connection, the above-mentioned solution of aJuminoxane may contain small amount of 
organometali ic components. Furthermore, the solution of aluminoxane recovered by the above-mentioned pro- 
cedures may be distilled to remove therefrom the solvent or unreacted organoaluminum compound, followed 
by dissolving again In solvents. 

55 The organoaluminum compounds used for preparing such solutions of aluminoxane as mentioned above 
include, for example, trialkyteJuminum such as trimethylaluminum, frlethyialuminum, m'propyJaiiimlnurn, trilsop- 
ropylaluminurru tii-n-butylaluminum, triisobutytefuminum, trhseo-butylalumlnum, tri-tert-butylalurnlnum, tripen- 
tyJalumlnum, trfhexylalumlnum, trioctyl aluminum, tridecylaluminum. tricydohexyteluminurn, 

7 
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tilcyclooctylaluniinum ; dlalkyiakitninurn halides such as dimethylaJuminum chloride, dieirrylaluminum chloride, 
dfethyl aluminum bromide and diSsobiitylaluminum chloride ; dialtytedumirtum hydrides such as diethyialumirrum 
hydride and dnsobutylaluirinum hydride ; dialkytelum'mum alkoxides such as dimethylaluminum methoxide and 
diethylaluminum ethoxide ; and dialkylalumimim aryloxides such as diethylaiumirium phenoxide. 
s Of the organoaluminum compounds as exemplified above, particularly preferred Is triaBcylatumlnum. 

Furthermore, there may also be used as the organoalumlnum compound Isoprenylaluminum represented 
by the general formula 

wherein x, y and z are each a positive number, and z^2x* 

to The organoalumlnum compounds mentioned above may be used either singly or in combination. 

Solvents used in the solutions of aluminoxane include aromatic hydrocarbons such as benzene, toluene, 
xylene, cumene and cymeme ; aliphatic hydrocarbons such as perttane, hexane, heptane, octane, decane, 
dodecane, hexadecane and octadecane ; alicyd fc hydrocarbons such as cydopentane, cyclo hexane, cycfooc- 
tane and methyicydopentane ; petroleum mictions such as gasoline, kerosene and gas oil ; or halides, par- 

15 ticufariy chloride and bromides, of the above-mentioned aromatic, aliphatic and alicyctic hydrocarbons. In 
addition thereto, there may also be used ethers such as ethyl ether and tatrahydrofuran* Of these solvents as 
exemplified above, particularly preferred are aromatic hydrocarbons*. 

The benzene-insoluble ofBanoaJuminum oxyoompounds of the present invention contain A! component 
which dissolves in benzene at 60° C in an amount of less than 1 0%, preferably less than 5% andftirth er desirably 

20 less than 2% in terms of Al atom, and they are insoluble or sparingly soluble In benzene. 

Solubility in benzene of such organoalumlnum oxy-compounds as mentioned above is obtained by sus- 
pending in 100 ml of benzene said organoaluminum oxy*compound in an amount corresponding to 100 mg 
atoms in terms of Al atom, mixing trie resulting suspension at 60*C for 6 hours, filtering the resulting mixture 
with G-5 glass filter equipped with a jacket kept at 60 °C, and washing four times the solids portion separated 

25 on the filter with 50 ml of benzene at 60°C to measure the amount (x mmol) of Al atoms present In the whole 
titrate* 

When the benzene-insoluble organoalumhum oxy-compounds of the present invention are analyzed by 
infrared spectrophotometry (IR), a ratio {DW^izzo) of an absorbance (D^) at around 1260 cm- 1 to an absorb- 
ance {D 1220 ) at around 1220 crrH is less than 0.09, preferably less than 0.08 and particuJarry In the range of 
$0 from 0.04 to 0.07, 

Infrared spectrophotometric analysis of the organoaluminum oxy-compounds as referred to m the present 
specification is carried out in the following manner* 

First, the organoaluminum oxy-compound Is ground, together with nujoK In an agate mortar in a nitrogen 
box to paste. 

35 Next the paste-like sample thus obtained 13 put between KBr plates, and IR spectrum is measured in a 
nitrogen atmosphere by means of IR-61 0 manufactured and sold by Nippon Bunko KJC 

IR spectrum of the organoalumlnum oxy-compound of the present invention as obtained fs shown in Rg- 

1- 

From the thus obtained IR spectrum, a D 12SO /D t2 2 0 ratio is sought, and a value of said ratio is obtained in 
40 the following manner. 

(a) A line connecting a maximum point at around 1280 crrr* and a maximum point at around 1240 cmr 1 is 
taken as a base line U- 

(b) A transmlttance (T %) of an absorption minimum point at around 1260 crrr T and an transmittance (To 
%) of a point of Intersection are read, said point of intersection being obtained by drawing a vertical line from 

45 said absorption minimum point to a wave number abscissa axis (abscissa) and crossing said vertical line with 
said base fine Li, whereby an absorbance (D 12 *o=Jog "VO is calculated. 

(c) Similarly, a line connecting maximum points at around 1 280 cnr 1 and at around 1 1 80 crrr-i is taken as 
a base line L^. 

(d) A transmittance ft' %) of an absorption minimum point at around 1220 cm- 1 and a transmHtanoe (P 0 
so %) of a point of intersection are read, said point of intersection being obtained by drawing a vertical line from 

said absorption minimum point to a wave number abscissa axis (abscissa) and crossing said vertical line with 
said base line whereby an absorbance (D t 220 =lo g TVO 53 calculated. 

(e) From these values as obtained, « calculated. 

IR spectrum of a known benzene-soluble organoaluminum oxy-compound Is shown In Fig- 2. As can be 
£5 seen from Fig. 2, the benzene-soluble aluminum oxy-compound has a value of D\&JDux> of being virtually 
0.10-0-13, and thus the benzene-insoluble organoalumimim oxy-compound of the present invention is appa- 
rently different in the value Of D 12fl0 /Di2» from the known benKene-3o5ub!e organoaluminum oxy-compound* 
The benzene-Insoluble crganoaluminum oxy-compounds of the present invention are presumed to have 
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an alkylaxyaluminum unit represented by the formula 



16 




wherein R 1 tea hydrocarbon group of 1 to 12 carbon atoms. 
10 In the above-mentioned alkyldxyaluminum unit, R 1 includes, for example, methyl, ethyl, n-propyi,isopropyi, 
n-butyl, teobutyl, pentyl, hexyl t octyl, decyt, cydohexyl and cydooctyl. Of these hydrocarbon groups exemplified 
above, preferred are methyl and ethyf, and particularly preferred is methyl. 
In addition to the elkytoxyalumlnum unit of the formula 



— {-QAl-f-# the benzene-insoluble organoaluininum oxy-compounds 
\ ■ 

20 of the present invention may contain an oxy aluminum unit 



25 



30 



35 



represented by the formula — €• OAl->— wherein R 1 is as 

R* 

defined above, and is a hydrocarbon group of 1 to 12 carbon atoms, an aftftxy! group of 1 to 12 carbon atoms, 
an arykxxy group of 6 to 20 carbon atoms, a hydroxy! group, halogen or hydrogen, provided that R? and R? are 
different from each other. In that case, the organoaluminum oxy-compounds 



desirably contain the alkyloxyaluminum unit {- OA1-) — In a 




proportion of at least 30 moi%. preferably at least 50 mol% and parUodarty at least 70 mol%. 

The processes for preparing the benzene-Insoluble organoaluminum oxy-compounds of the present Inven- 
tion are aiustrated below in detaiL 

The first process for preparing the benzene-Insoluble organoaluminum oxy-compounds of the present 
40 invention is characterized by bringing a solution of aluminoxane into contact with water or active hydrogen con- 
taining compounds. . . _ _ _ . ^. ■ 
The active hydrogen containing compounds used fn the present invention include alcohols such as 
methanol, ethanot, n-propanol and feopropanol ; diols such as ethylene glycol and hydroquinone ; and organic 
aekte such as acetic acid and propionic acid. Of these compounds, preferred are alcohols and diols, and espe- 
« dairy preferred are alcohols. * . , . . . . 

Water or the actrve hydrogen containing compounds with which the solution of aluminoxane is brought otto 
contact may be used as solutions or dispersions in hydrocarbon solvents such as benzene, toluene and hexane, 
ether solvents such as tetrahydrofiiran or amine solvents such as triethylamlne, or may be used in the form of 
vapor or solid. The water with which the solution of aluminoxane Is brought into contact may be water of crya- 
so taflteatlon of salts such as magnesium chloride, magnesium chloride, magnesium sulfate, copper sulfate, nickel 
sulfate. Iron sulfate and carous chloride, or absorbed water absorbed to Inorganic compounds such as silica, 
alumina and aluminum hydroxide or polymers, . 

Reaction of the solution of aluminoxane with water or the actrve hydrogen containing compounds is earned 
out usually in solvents, for example, hydrocarbon solvents. The solvents used in this case are aromatic hyoV 
55 rocarbons such as benzene, toluene, xylene, cumene and cymene ; aliphatic hydrocarbons such as pentane, 
hexane, heptane, octane, decane, dodecane, hexadecane and octadecane ; alicydic hydrocarbons such as 
cydopentane, cydohexane, cyclooctane and methylcydohexane ; petrdeum fractions such as gasolme, 
kerosene and gas o3 ; hatogenated hydrocarbons such as hafides of the above-mentioned aromatic hyc^ocar- 
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bons, aliphatic hydrocarbons and alicyclic hydrocarbon*, particularly, chlorides and bromides ; and ethers such 
as ethyl ether and tetrahydnoftiran. Of these solvents as exemplified above, particularly preferred are aromatic 
hydrocarbons. 

In the reaction as mentioned above, water or the active hydrogen containing compound Is used In an 
5 amount of 0-1-5 moles, preferably 0.2-3 moles to 1 mole of A! atoms present In the solution of alurninoxane. A 
concentration in terms of aluminum atom In the reaction system Is desirably 1 x 1 fr* - 5 gram atom/I, preferably 
1 x 10^-3 gram atom/i, and a concentration of water In the reaction system Is desirably 2 x 10" 4 - 5 mol/l, 
preferably 2 xlO-*- 3 mol/I. • 

The solution of alurninoxane may be brought into contact with water or the active hydrogen containing conv 
10 pound, for example, by the following procedures. 

(1) The procedure which comprised bringing the solution of alurninoxane Into contact with a hydrocarbon 
solvent containing water or the active hydrogen containing compound. 

(2) The procedure which comprises blowing vapor of water or the active hydrogen containing compound 
into the solution of alurninoxane, thereby bringing the alurninoxane into contact with the vapor. 

15 (3) The procedure which comprises bringing the solution of alurninoxane into contact directly with water, 
ice or the active hydrogen containing compound. 

(4) The procedure which comprises mixing the solution of alurninoxane with a suspension of an absorbed 
water containing compound or a water of crystallization containing compound In hydrocarbon, or with a sus- 
pension of a compound, to which the active hydrogen containing compound has been absorbed, In hydrocar- 
20 bon, thereby bringing the alurninoxane into contact with the absorbed water or water of crystallization. 

The solution of alurninoxane may contain other components so long as they do not exert adverse effects 
on the reaction of alurninoxane with water or the active hydrogen containing compound 

The above-mentioned reaction of the solution of alurninoxane with water or the active hydrogen containing 
compound is carried out usually at -50 to 150*0, preferably 0-120*C and more desirably at 20-1 00°C Thereso- 
25 tion time employed is usually 0.5-300 hours, preferably 1-150 hours, though said reaction time varies largely 
depending upon the reaction temperature used. 

The benzene insoluble organoaluminum oxy-compound may also be prepared by direct contact of 
orranoaluminum with water. In the reaction mentioned above, water is used in such amount that the 
organoaluminum atom dissolved In the reaction system Is less than 20 %, based on total organoaluminum atom. 
30 Water with which the organoalurntnum compound is brought Into contact may be used as solutions or dis- 
persions In hydrocarbon solvents sucfr as benzene, toluene and hexane, ethersofvents such as tetrahydrofuran 
or amine solvents such as triethylamine, or may be used in the form of vapor or solid. The water with which 
the organoaluminum compound is brought Into contact may be water of crystallization of salts such as mag- 
nesium chloride, magnesium chloride, magnesium sulfate, copper sulfate, nickel sulfate. Iron sulfate and cerous 
35 chloride, or absorbed water absorbed to inorganic compounds such ©a silica, alumina and aluminum hydroxide 
or polymers. 

Reaction of the organoaluminum compound with water is carried out usually in solvents, for example, hyd- 
rocarbon solvents. The solvents used in this case are aromatic hydrocarbons such as benzene, toluene, xylene, 
cumene and cymene ; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane, dodecane, 

4o hexadecane and octadecane ; alfcydic hydrocarbons such as cyctopentane, cydohexane, cydooctane and 
methylcyclohexane ; petroleum Inactions such as gasoline, kerosene and gas on ; halogenated hydrocarbons 
such as halldes of the above-mentioned aromatic hydrocarbons, attphafic hydrocarbons and aiicydic hysrocar- 
boits, particularly, chlorides and bromides ; and ethers such as ethyl ether and tetrahydrofuran. Of these sol- 
vents as exemplified above, particularly preferred are aromatic hydrocarbons. 

45 A concentration of organoaluminum compound in the reaction system Tn terms of aluminum atom is desi- 

rably 1 X 10-*- S gram atom/l. preferably 1 X 10/*- 3 gram atom/l t and a concentration of water in the reaction 
system desirably 1 X 10-* • 5 mol/l, preferably 1 X 10^-3 mot/I. 

Jn the reaction mentioned above, the organoarumrnum atom dissloved in the reaction system is less than 
20 %, preferably less than 10 %, more preferably 0 to 5 % based on total organoaluminum atom. 

so The organoaluminum compound may be brought into contact with water, for example, by the following pro- 
cedures. 

(1) The procedure which comprises bringing the hydrocarbon solution of organoaluminum into contact with 
a hydrocarbon solvent containing water. 

(2) Trie procedure which comprises blowing vapor of water Into the hydrocarbon solution of organ oalumi- 
5* num. thereby bringing the organoaluminum Into contact with the vapor. 

(3) The procedure which comprises mixing the hydrocarbon solution of organoaluminum with a suspension 
of an absorbed water containing compound or a water of crystallization containing compound in hydrocarbon, 
thereby bringing the organoaluminum into contact with the absorbed water or water of crystallization. 

10 
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(4) The procedure which comprises bringing the hydrocarbon solution of organoaluminurn into contact 
directly with tee. 

The hydrocarbon solution oforganoahjirtinum may contain other components so long as they do not exert 
adverse effects on the reaction of organoalumlnum wih water. 
e The above-mentioned reaction of the organoaluminum with water is carried out usually at -100 to 150 °C, 
preferably -70 to 100*C and more desirably at-50 to 80*0. The reaction time empoiyed is usuafly 1 to 200 hours, 
preferably 2 to 100 hours, though said reaction time varies largely depending upon the reaction temperature 
used. 

The organoalumlnum compounds ID] used In the present invention may be represented, for example, by 
10 the formula R^^AIX^ wherein R* Is hydrocarbon of 1-12 carbon atoms, X Is halogen end n Is 1-& 

In the above-mentioned formula, R* Is hydrocarbon of 1-12 carbon atoms, for example, alkyi, cydoalkyf or 
aryl, including concretely methyl, ethyl, n-propyl, isopropyl, Isobutyf, pentyl, haxyi, octyl, decyl, cydopentyl, cyc 
lohexyl, phenyl, toiyt, etc. 

The above-mentioned organoalumlnum compounds win be exemplified below. 
15 Trialkytaluminum such as trimothylaJuminum, triethyialumlnum, trSsopropylalumtnum, «lsobutyialumimjm, 

trihexylalurnfmim, trfociyialuminum, ui-2-ettiylhexyfaluminum, etc 
Alkenytaluminurn such as isoprenyialuiranum, etc 

Dfelkytalumimjrn halWes such as tfmethylaluminum chloride, diethylalumlnum chloride, dflsopropylaluml- 
num chloride, dasobutylaluminum chloride, dimethylalumnum bromide, etc 
20 Alkylalumlnum aesquaialtdes such as methylaluminum sesquiehlorida. ethylaluminum sesqufcWoride, 
butyialuminum sesquichloride, ethylaluminum sesquibrormde, etc 

AlkytaJumlnum dihalides such as methylaluminum dichlorlde, ethylaluminum dfchJorfde. isopropylalumlnum 
dfchloride, ethylaluminum dlbromide, etc 

AlKylalumlnum hydrides such as diethylaluminum hydride, isobutyl aluminum hydride, etc 
28 Furthermore, there may also be used other organoaluminum compounds represented by the formula fV„Ar 
wherein Is as defined previously, Y Is -ORVOSiR 8 * - OA,R0 2- -NR*°* -SiR" 3 

or -NA1R 13 2 , ft is 1-2, R 7 , R*, R 9 and R 13 are each, methyl, 
* R" 



ethyl, Isopropyl, isobutyl, cydohexyl or phenyl, R?° Is hydrogen, methyl, ethyl, isopropyl, phenyl ortrtmethylsnyi, 
R" and R 12 are each methyl or ethyl. 
35 The organoaluminurn compounds as mentioned above include, in concrete* such compounds as enumer- 

died below. 

(0 Compounds of the formula R*„AI(OR*k„ such as dirnethylaiuminum methotfde. diethylalumlnum 
ethoxide, dilsobutylaluminum methoxlde, etc 

(H) Compounds of the formula rVpAKOSiR 0 *)^ such as Et^COSiMea), Oso-Bu^COSiMea), fro- 

40 Bu)2AKOSiEb)r etc 

(iii) Compounds of the formula RftAKOAlR*^ such as EtAIQAIEfe, Oso-BufcjAlOAlOso-Bu)* etc 
(Iv) Compounds of the formula RyvlfNR 1 **)** such as MexAINE^ ^AINHMe, MeaAJNHEt 
EtaAlNCMeaSl)^ (iso-Bo^NfMesSi)* etc 

(v) Compounds of the formula R^Ai(SlR<id*«i such as (iso-Bu) aAlSiMe* etc 

46 

(vi) Compounds o£ the formula R*„Al (NAlR 13 a ) 

R" 

Et 2 AlN AlEt 2 9 Ciso-Bu) 2 AlNAl<iso-Bu) 2 , etc, 

! I 

He Et 

66 Of the organoaluminurn compounds as exemplified above, preferred are those of the formula R?*Al, 
R^oAKOR 7 )^ and R^O/UR^a-*, particularly those in which R? is isoalkyi and a*2 are desirable. These 
organoaluminurn compounds may be used In combination of two or more. 

In the practice of polymerization of olefins with the above-mentioned olefin polymerization catalyst as men- 

11 
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floned above, it is desire We to use the titanium catalyst component £A] in an amount of usually 10* -10-* gram 
atom-Ti/l, preferably 10-* - 10-* gram atom-TJ/I, the transition metal compound [B-1 J containing a ligand having 
a cycloalkadienyl skeleton In an amount of usually 1 0-* - 1 O- 3 moM. preferably 1CH-10-* mow , and the transition 
metal compound [B-1] containing a ligand having a cycloalkadlenyt skeleton in an amount, baaed on 1 gram 
5 T! atom of titanium catalyst component [A] of usually 0,02-10 moles, preferably 0.05-5 moles. 

The organoalumfnum oxy-oompound [C] is desirably used in an amount of usually 10-* - 10-* gram atom- 
Al/I, preferably 10-* -3x1 Or* gram atom-Al/L 

The organoaluminum compound P] is desirably used In an amount of usually 5X10-^-5x10^ moWI. pref- 
erably 10-* - 10-* mol/L 

10 Further, a ratio (atomic ratio) of aluminum/total transition metal is desirably 10-5000, preferably 20-2000, 
and a ratio (In terms of A!) of the organ oaluminum oxy-compound [CJ to the organoaluminum compound [DJ is 
desirably In the range of from 0*1 to 20, preferably from 0.2 to 10. 

The second olefin polymerization solid catalyst of the present invention is formed by pre-polym arizing olefin 
In a suspension containing the above-mentioned solid titanium catalyst component [A]* the transition metal conv 

79 pound [B-1 ] containing a ligand having a cydoalkadienyl skeleton, the organoaluminum oxy-oompound [C] and. 
if necessary, organoaluminum compound [DJ. This pre-polymerfeattan may be carried out by polymerizing o 
olefin in a polymerization amount based on 1 g of the olefin polymerization catalyst, of 0.1-500 g, preferably 
0.3*300 g and especially 1-100 g. 

Usuafly, the pre-polymerization Is carried out in the manner as Will be mentioned below. 

to In carrying out the pre-polymerization. the solid titanium catalyst component [A], the transition metal com- 
pound [B-1 ] contain ing a I igand having a cycloalkadienyl skeleton, the organoaluminum oxy-compound [C] and, 
If necessary, the organoaluminum compound [DJ are mixed together so as to bring them Into contact with one 
another, followed by introducing the defin thereinto. 

In this case, the components [A]. [B], [C] and [DJ may be mixed together at once or may be mixed one after 

25 another* 

The temperature at which the above-mentioned components are mixed and brought into contact with one 
another Is In the range of usually from -50 to 100°C, preferably from -20 to 50*C, and the mixinorcontecting 
lime is in the range of usually from 0-2 to 50 hours, preferably from 0-S to 20 hours, though It varies according 
to the reaction temperature or the order of mixing. 
90 The pre^ymenzation temperature employed is in the range of usually from -20 to 60°C, preferably from 
0 to 50*C, and the pre-polymerization time Is In the range of usually from as to 1 00 hours, preferably from 1 
to 50 hours, though It varied according to the pre-polymerization amount or temperature. 

In carrying out the pre-por/merizetion. It is possible to use the catalyst in a concentration considerably 
higher than that used in the system of the main polymerization. 
35 In the pre-polymerization, It Is desirable to use the solid titanium catalyst component [AJina concentration, 
based on 1 Lof an Inert hydrocarbon medium as will be mentioned later, of usually about 0.01-200 mg stam-Tl, 
preferably about 0.1-100 mg atom-Ti and especially 1-50 mg atom-TL 

Further, in carrying out the pre-pdymerization, the transition metal compound [B-1 J containing a ligand hav- 
ing a cydoalkadienyl skeleton Is desirably used In an amount based on 1 gram atom of titanium in the titanium 
40 catalyst component of 0.02-1 0 moles T preferably 0-05-5 moles. 

Similarly, the organoaluminum oxy-compound [CJ is desirably used In an amount based on 1 mole of the 
transition metal atom in the transition metal compound [&-1J, of 10-500 gram atom-Al, preferably 20-200 gram 
atom-AI. 

Furthermore, the organoaluminum compound [D], when used if any, is desirably in an amount based on 
45 1 mole of the transition metal atom in the component [B-1 ], of 1-200 moles, preferably 2-1 00 moles. 

The pre-pdymerization is desirably carried out by using a mixture of olefin, the abovenmentioned catalyst 
components and an Inert hydrocarbon medium In a suspension state under mid conditions. 

The Inert hydrocarbon medium used herein includes aliphatic hydrocarbons such as propane, butane, oen- 
tane, hexane, heptane, octane, decane dodecane and kerosine ; alyclctlc hydrocarbons such as cydopentane, 
so cydohexane and methylcydopent&ne ; aromatic hydrocarbons such as benzene, toluene and xylene ; haloge- 
nated hydrocarbons such as ethylene chloride and chlorobenzene ; or mixtures thereof. Further, the pre-polym- 
erization may be carried out by using the defin itself as a solvent, or may be carried out in a state substantially 
free from the solvent 

The olefin used in the pre-polymerization may be the same as used In the main polymerization as will be 
59 mentioned later or different therefrom Of the olefins mentioned above, preferred is ethylene. In particular. 

In the pre-polymerfeation, a mdecdarwefehtrrotffiersuch as hydrogen may also be used. The mdecular 
weight modifier mentioned above Is desirably used in such an amount that an intrinsic viscosity [nj* as measured 
in decalln at 135°C, of the resulting polymer from the pre-polymerizatioo becomes higher than about 0.2 oT/g, 

12 
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preferably about 0.5-10 dl/g. 

The pre-pdymejization fs desirably carried out so that the amount based on 1 got the above-mentioned 
solid catalyst of the polymer formed la about 0.1-500 g, preferably about 0-3-300 g and especially 1-1 00 g. If 
the pre-pdyrnerization amount of the olefin ts preset to become excessively large, the production efficiency of 

5 the desired olefin polymers sometimes decreases. 

In the pre-polymerized solid catalyst thus obtained, the amount of titanium atom derived from the compo- 
nent [A], based on 1 gram atom of the transition metal atom derived from the component [B-1]» Is desirably in 
the range of 0,05-20 gram atom, preferably 0.1-10 gram atom and especially 0-2-S gram atom, and similarly 
the total sum of aluminum atoms derived from the components [C] and [D] ts 15-500 gram atom, preferably 

10 20-200 gram atom. 

The olefin polymerization solid catalysts as prepared In the manner mentioned above exhibit by themselves 
excellent polymerization activities in the polymerisation of olefins. 

The third olefin polymerisation catalyst of the present Invention comprises 

(I) the solid catalyst as formed In the above-mentioned manner by pre-polymertzlng olefin in a suspension 
15 containing 

[A] a solid titanium catalyst component containing titanium r magnesium and halogen as its essential Ingre- 
dientSt 

[B-1J a transition metal compound containing a ligand having a cycloalkadlenyl skeleton* and 
[C] an organoaluminum oxy-compound and 
20 (II) the organoaluminum oxy-compound [CJ and/or the organoaluminum compound [D]. 

In the practice of polymerization of olefins with the above-mentioned olefin polymerization catalyst it is 
desirable to use the solid titanium catalyst component [A] in an amount of 10-5-10^ gram atom-TT/I, preferably 
10^ - 1(H gram atom-Ti/l. the transition metal atom of the transition metal compound [B-1] containing a ligand 
having a cycloalkadlenyl skeleton in an amount of usually 10-* - 10-* gram atom, preferably 10-7-1CH gram 
25 atom, and the aluminum atoms derived from the organoaluminum oxy-compound [CJ and the o^noaluminum 
compound [D] in an amount of usually 10-* - 10-* gram atom, preferably 10-*- 3x10-* gram atom. 

SimHariy. it ts desirable to use the orsanoalumlnum oxy-compound [CJ and/or the organoaluminum com- 
pound [D] in an amount of usually 10-* - 5x10-* gram eioriWW, preferably 10-*- 2x10-* gram atom-Al/L 
The fourth olefin polymerization catalyst of the present invention is then illustrated below, 
so The fourth olefin polymerization catalyst of the invention comprises 

[A] a titanium catalyst component containing titanium, magnesium and halogen as its essential ingredients, 
[B-2] a transition metal compound containing a ligand having cycloalkadienyl skeleton and an anion com- 
pound containing boron, and 

[C] an organoaluminum oxy-compound and/or fp] an organoaluminum compound. 
35 The titanium catalyst component [A], the organoaluminum oxy-compound £CJ and the organoaluminum 
compound [D] used In the fourth olefin polymerization catalyst as mentioned above are the same as those men- 
tioned hereinbefore. 

Accordingly. Illustrated herelnbelow is [B-2] the transition metal compound containing a ligand having a 
cycloalkadienyl skeleton and an anion compound containing boron. 
40 The transition metal compound [B-2J containing a Dgand having a cydoalkadienyi skeleton and an anion 
compound containing boron used in the present Invention is a contact reaction product of a transition metal 
compound [B-1] containing a cycloalkadienyl skeleton, a Bransted acid IB-b] or proton and an anion compound 
containing boron [B-c]. 

The transition metal compound [B-1] containing a ligand having a cycloalkadienyl skeleton used herein 
45 includes the same compounds as mentioned hereinbefore. 

The Bnansted acid [B-b] mentioned above ts represented by the formula [M^Rrf* wherein is nitrogen or 
phosphorus, R Is hydrogen or a hydrocarbon group, provided that at least one of R Is hydrogen. 

In the above formula, the hydrocarbon group may include alkyi. cydoalkyl, aryl, aratkyl, etc. concretely, 
the alkyl group Includes methyl, ethyl, propyl, tsopropyl. butyl, eta, the cycloajkyl group includes cyciopentyl. 
50 cydohaxyU etc.. the aryl group includes phenyl, tolyl, etc, and the aralkyl group includes benzyl, neophyl, etc. 

Listed below are typical representatives of the above-mentioned Branstead acid [B-b]. 

Trinriethylammon ium, 

Triethylammonlum, 

TripropylarnrnonJum, 
55 Tri(n-buty|)ammonium. 

N.N-dimethylanilinum, 

N.N-diethylanilinunu 

N,N-2.4,5-pentamemylanmrnjm, 

13 



PAGE 17/29 1 RCVDAT 7/26/2006 4:22:41 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-3/17 1 DNIS:2738300 * CSID:713 892 3687 * DURATION (mnws):11-36 



JUL-26-2006 15:34 



UN I VAT I ON TECH LAW 



713 892 3687 P. 018 



EPQ438399 A2 



Df^ropyQammonium, 
Dlcydohexyl ammonium, 
Triphenylphosphonium, 
Tri(m8ttiyipheny1)phosphom"um» 
5 TrHd^thylphenyOphosphonium- 

The anion compound containing boron [B-c] used in the Invention Is represented by the formula 

wherein B is boron. R 1 and R? are each aromatic hydrocarbon, and R 3 and R 4 are each hydrogen, halogen, 
hydrocarbon, substituted hydrocarbon or orgonometaltofd ; 
ic the formula 

I(CR?) xj (BR*) X* R7 Xd* 

wherein c and & are carbon and boron, respectively, R* R* and R7 are each hydrogen, hydrocarbon or 
organometallold, x, and x* are each an integer of so. a is an Integer of art, x t + x a + a is an even number of 
from 2 to about 8, and ts an integer of from 5 to about 22 ; 
15 the formula 

DKCRe) X, (BR?) Xz (R^ XaMz M n P" 
wherein C, B and M are carbon, boron and a transition metal, respectively, R* R? and R 10 are each hydrogen, 
halogen, hydrocarbon or organometallojd, Xi and Xa are each an Integer of 20, a is an integer of £2, x^ + Xa + 
a is an even number of from 4 to about 8, x 2 is an integer number of from 6 to about 12, n is such an integer 
20 as to make 2a - n = b, and b ts an integer of ; 
or the formula 

[(CrOMBHJxiJ- 

wherein C, B and H are carbon, boron and hydrogen, respectively, Xi is 0 or 1 , a is 2 or 1 , x t + a is 2, a nd x 2 
is an integer of from 10 to 12. 
25 Listed below are typical representatives of the above-mentioned [B-c] anion compound containing boron. 

Tetraphenyl borate, 

Tetra(p-tolyI) borate, 

Tetra(o-toiyi) borate 

Tetra(m r m-di methyl phenyl) borate, 
a? Tetra(o,n>dlmethylphenyl) borate, 

Tetra(pentafluorphenyl) borate 

7,8-Dicarbaundecaborate, 

Tridecahydiide-7-carbaundecaborate, 

Octadecaborate, 

55 Bis(ijndecahydrkle-7,8^icart>aundecabor^ cobetete (I'D 
BisC7^-dicarbaundecaborato) nickelaie (III), 
Bis(7 t 8*dicarbaundecaboratB) ferrate (III). 
Dodecabotate, 
1-carbaundecaborats, 
40 1-earbadodecaborate. 

The contact reaction of the transition metal compound [B-1] containing a llgand having a cycloaJkadienyl 
skeleton, the Brensted acid [B-c] or proton and the [B-c] anion compound containing baron [B-c] is desirably 
carried out at a temperature of from -50 to 1 50*C, preferably in an organic solvent such as toluene. 

The fourth olefin polymerization catalyst of the invention may be formed by pre- polymerizing olefin In a sus- 
4$ pension containing the above-mentioned titanium catalyst component (A], transition metal compound [B-2J con- 
taining a ligand having a cycloalkadienyl skeleton and anion compound containing boron and. If necessary, 
organoaJuminum oxy-compound [CJ and/or organoaJuminum compound [D], In this case, the pre-por/merization 
Is canled out by pie-polymerizing oxtfefin in an amount; based on 1 g of the olefin polymerization catalyst, of 
0.1*500 g, preferably 0.3-300 g and especially 1-100 g. 
50 Usually, the pre-poiymertzation is carried out in the manner as will be mentioned hereinafter. 

In a hydrocarbon solvent, the titanium catalyst component [A], the transition metal compound [B-2] con- 
taining a ligand having a cycloalkadienyl skeleton and an anion compound containing boron and, if necessary, 
the organoaluminum oxy-compound [C] and/or the organoaJuminum compound [D] are mixed so as to bringing 
them into contact with one another* followed by introducing the olefin meremto to carry out pre-por/merization. 
59 In this case, the components {A], [B} t [C] and [D] may be mixed together or one after another. 

The temperature at which the above-mentioned components are brought into contact with one another is 
usually from -50° to 1 00»C, preferably from -20* to 50°C, and the mixing and contacting time is usually 02-50 
hours, preferably 0.5-20 hours or thereabouts, though it varies according to the reaction temperature or the 

14 
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order of mixing. 

The pre-polymerization temperature te usually from -20° to 60*0, preferably from 0° to 50°C, and the pre- 
polymerization time to usually 0.5-100 hours, preferably 1-50 hours or thereabouts, though ft varies accurdinfl 
to the pre -polymerization amount or temperature. 
s in the pre-porymarfaatkMip the catalyst can be used In a concentration considerably higher than that of the 
catalyst used In the system of the main polymerization. 

In carrying out the pre-poJymeifzation, it is desirable to use the titanium catalyst component [A] In a con- 
centration, based on 1 Lof an inert hydrocarbon medium as will be mentioned later, of usually about 0,01-200 
mg atom, preferably about 0.1-100 rug atom and especially 1-50 mg atom in terms of Ti atom, 
10 Slmflariy. it is desirable to use the transition metal compound P-2J containing a ligand having a cydoal- 
kadfenyl skeleton and an anion compound containing boron In an amount, based on 1 gram atom of Ti atom 
to the component (AJ, 0.02-1 0 moles, preferably 0.05-5 moles. 

Further, if necessary. It is desirable to use the organoaluminum oxy-compound [PJ In an amount based 
on 1 mole of the transition metal atom in the compound p3-2], of 10-500 gram atom, preferably 20-200 gram 
13 atom in terms of Al atom. 4 w , 

Furthermore, ft is desirable to use r if necessary, the organoaluminum compound ff>] In an amount, based 
on 1 mole of the transition metal atom in the component [B-2L of 1-200 motes, preferably 2-100 moles. 

The pre-polymerteation is preferably canted out by using a suspension of the olefin and the above-men- 
tioned components in the inert hydrocarbon medium under mild conditions. 
20 The Inert hydrocarbon medium used herein Include concretely aliphatic hydrocarbons such as propane, 
butane, pentane, hexane, heptane, octane, decane, dodecane and kerosine : allcycllc hydrocarbons such as 
cyclopentane, cyclohexane and methylcyclopentane ; aromatic hydrocarbons such as benzene, toluene and 
xylene ; halogenated hydrocarbons such as ethylene chloride and chlorobenzene ; or mixtures thereof. Further, 
me pre^olymerizatlon may be earned ovrt 
& substantially free from solvent . 

The olefins used in the pre-polymerkation may be the same or different from those used In the main polym- 
erization as will be mentioned later. Of the olefins mentioned above, preferred is ethylene, in the concrete. 

In carrying out the pre-pdymeiization it is also possfcle to use such a molecular weight modifier asl hyd- 
rogen. The molecularweight modifier as mentioned above is desirably used in such an amount that an intrinsic 
so viscosity fnj. as measured in decal'm at 1 35*C, of the polymer obtained by the pre-poiymerization becomes more 
than about 0.2 dVg, preferably about 0-5-10 oVg. , -AW 

Thepre-polymerization is desirably carried out so that the polymer b formed in an amount, perl got the 
above-mentioned solid catalyst of about 0.1-500 g> preferably about 0.3-300 g and especially l-IOOQ.lfthe 
pre-poJymertzation amount is preset to be excessively large, the production effiefcency of the desired olefin 

55 Pd ^^^ScSSSSso3id catalyst thus obtained, it is desirable that the IStanlum atoms derived from 
the component [Al based on 1 gram atom of the transition metal atoms derived from the component IB-ZJ, is 
in the range of 0.0&-20 gram atom, preferably 0.1-10 gram atom, more preferably 0-2-5 gram atom and the 
total sum of aluminum atoms derived from the components [C] and ID] is 15-500 gram atom, preferably 20-200 

40 9r3T The olefin polymerization solid catalyst as prepared In the manner mentioned above exhibit for themselves 
excellent polymerization activities in polymerization of olefins. 

In carrying out polymerization of olefins with the olefin polymerization catalyst eempnsmg the above-men- 
tioned component [A], component [B-2J, component Id and/or component IP], it's desirable to usethetltanium 
** catalyst component [A] In an amount of usually about 10* - 10* gram atonvm preferably about 10^- 10* 
gram atom-Tin*. , , . 

Similarly, fc Is desirable to use the transition metal compound JB-2] containing a ligand having a eydoai- 
kadlenyt skeleton and an anion compound containing boron in an amount of usually 1 0* - 1 0* moM, preferably 
10-* • 10*tnotfL 

60 It is also desirable to use this transition metal compound IB-2] in an amount based on 1 mole of the titanium 
atom in the component [A], of 0.02-10 motes, preferably 0.05-5 moles. 

Further, ft is desirable to use the organoaluminum oxy-compound IC] and/or the organoaluminum com- 
pound [D], tf necessary, in an amount of usually 10* -10-* gram atonWW, preferably 10* - 5x10* gram atom- 
AlTl in terms of Al atom. 
55 The fifth olefin polymerization catalyst of the present invention comprises 

(I) a solid catalyst componentfonned by pre-potymerfeing olefin in a suspension containing 

[A] a titanium catalystcomponent containing titanium, magnesium and halogen as te essential ingredients, 

[B-2] a transition metal compound containing a ligand having a cydopentadlenyl skeleton and an anion 

15 
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compound containing boron and, if necessary, 

[C] an organoalurninum oxy-compound and/or [D] an organoalumtnum compound, and 
01) [C] an organoalumtnum oxy-compound and/or fp] an organoaluminvm compound. 
In carrying out polymerization or coporymerizatlon of olefins with the above-mentioned olefin poJymeri- 
5 ration catalyst, the above-mentioned components [A], {B-2] and [C] and/or [D] are used in the amounts as 
defined above. 

Olefins which can be polymerized with the above-mentioned olefin polymerization catalysts include 
ethylene and ooleftns having 3 to 20 carbon atoms, for example, propylene, 1 -butane, 1-hexene, 4-methyl-1~ 
pentene, 1 -octane, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eIcosene, cyc- 
10 lopentene, cydoheptene. norbomene, 5-methyt-2-rtorborriene, tetracyclododecene and 
2-rn8thyl-1.4 F 5.8-diinethano-1A3A4a,S P 8 F SM 

In addition to those exemplified above, there may also be used styrene, vlnyi cyclohexane and diene, etc. 
In the present invention, such olefins as exemplified above may be polymerized or copolymerized either 
by liquid phase polymerization such as solution or suspension polymerization or vapor phase polymerization. 
15 The polymerization temperature employed In polymerizing the olefins with the above-mentioned olefin 
polymerization catalysts is in the range of usually from -50° to 200°C r preferably from 0° to 150°C* The polym- 
erization pressure employed is usually from atmospheric pressure to 100 kg/cm 2 , preferably from atmospheric 
pressure to 50 kg/cm 2 , and the polymerization reaction may be carried out by any of the batchwise, semi-con- 
tinuous and continuous methods. Further, the polymerization may be carried out at two or more stages under 
20 different reaction conditions. The molecular weight of the olefin polymer resulting the polymerization may be 
modified by allowing hydrogen to exist in the polymerization system or by changing the polymerization tem- 
perature employed. 

The olefin polymerization catalysts of the present invention formed from the components as mentioned 
hereinbefore have excellent polymerization activities and are capable of giving olefin polymers having a broad 
25 molecular weight distribution and excellent moidability. 

In the present invention, the olefin polymerization catalysts may also contain other components useful for 
olefin porymerization in addition to such components as mentioned hereinbefore. 

EFFECT OF THE INVENTION 

The olefin polymerization catalysts of the present invention exhibit excellent polymerization activities when 
used In the polymerisation of olefins and also are capable of giving olefin (copolymers having a broad molecular 
weight distribution and excellent mokiability. 

The present invention is Illustrated below with reference to examples, but it should be construed that the 
invention is in no way limited to those examples. 

The molecular weight distribution (Mw/Mn) and composition distribution (amount of n-decane soluble por- 
tion) referred to Injteexarnpies of the invention were obtained by the following manner. 

The value of Mw/Mn is determined by the following procedure in accordance with Takauchi, "Gel Perme- 
ation C h romatography*, Maruzen, Tokyo. 

(1) Using a standard polystyrene having a known moJecularweight (mono-dispersed polystyrene produced 
by Toyo Soda Mfg. Co. T Ltd.), a molecular weight M and Qa GPC (Gel Permeation Chromatograph) count are 
determined to prepare a correlation diagram calibration curve of the molecular weight and EV (evolution 
volume). At this time, the concentration is preset to 0.02% by weight 

(2) gpc chromatograph of a sample is preparedby GPC measurement, and a number average molecular 
weight Mn and a weight average molecular wejight_Mw in terms of polystyrene are calculated on the basis of 
the above-mentioned (1) to obtain a value of Mw/Mn. In that case, the conditions under which the sample is 
prepared and the GPC measurement is conducted are as in the following. 

[Preparation of sample] 

(a) The sample together with o-dteWorobenzane solvent are dispensed by Erienmeyer flask so that the 
sample content becomes 0.1 % by weight 

(b) The flask te heated to 140*0 and stirred for about 30 minutes to dissolve the sample In the solvent 

(c) The solution is filtered, and the fttrafe is subjected to GPC. 

{GPC measurement conditions] 

The measurement was canted out under the following conditions. 

18 

PAGE 20/29 * RCVD AT 7/26/2006 4:22:41 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-3/17 * DNIS:27383D0 * CSID:713 892 3687 * DURATION (mnvss):11-36 



35 



40 



SO 



55 



JUL-26-2006 15:35 



'UN I VAT I ON TECH LAW 



713 892 3687 P. 021 



EP 0436 399 A2 



(a) Equipment : 150O^LC/GPC mfd. by Waters Co. 

(b) Column : GMH Type mfd. by Tcyo Soda Mfg. Co., Lid. 

(c) Amount of sample: 400 p. liters 
<d) Temperature : 140°C 

s (e) Plow rate : 1 ml/mln 

The measurement of the amount of n-decane-soluble portion (the smaller amount of soluble portion means 
the narrower composition distribution) was conducted by adding aboutS g of a copolymer of 450 ml of n-decane, 
dissolving the copolymer in n-decane at 145°C, followed by cooling to 23°C. Thereafter, the n-decane-insoiuWe 
portion was removed by filtration, and the n-decane-soluble portion was recovered from the filtrate, thereby 
10 measuring the amount of the n-decafte-soJuble portion. 

Further. MFRcf the copolymer was measured at 190 P C under a load of 2.16 kg. 



Example 1 



is (Preparation of titanium catalyst component IAD 

A 400 ml glass flask charged with 5.1 g of commercially available anhydrous magnesium chloride and 194 
ml of decane with stirring was added dropwtse 18.8 ml of ethanol overa period of 10 minutes, followed by stirring 
at room temperature for 1 hour* Thereafter, 17.5 ml of dlethytaluminum diluted with 20 ml of decane was added 

20 dropwlse to the flask over a period of 1 hour, while maintaining the temperature within the system at 35-40*0. 
After completion of the addition, the flask was further stirred at room temperature for 1 hour. Successively, 70.6 
ml of titanium tetrachloride was added dropwise to the flask over a period of 30 minutes, and ffie flask was 
then heated to 80°C, followed by stirring at that temperature for 2 hours. 

The reaction product obtained was filtered wtth a glass filter equipped with a Jacket kept at 80*C and was 

25 then washed several times with decane to obtain a solid titanium catalyst component comprising 4. B% by weight 
of titanium, 14% by weight of magnesium, 57% by weight of chlorine, 23% by weight of aluminum and 9*7% 
by weight of an ethoxy group. 

(Preparation of benzene-soluble organoaiumlnum oxy-compound [CD 

A 400 ml flask thoroughly purged with nitrogen and charged with 37.1 g of Afe(S0^14HiO and 133 ml of 
tokiene was cooled to -5°C, followed by dropwlse addition of 47.9 ml of trlmethyialuminurn dSuted with 152 ml 
of toluene over a period of 1 hour. Thereafter, the reaction was carried out at a temperature of from 0* to -5°C 
for 1 hour, and the temperature was elevated up to 40°C over a period of 3 hours, and the reaction was further 
35 continued at that temperature for 72 hours. After completion of the reaction, the reaction mixture was subjected 
to solid-liquid separation by fHtratlon, and the toluene was removed from the filtrate to obtain an organoaUimi- 
mim oxy-compound as white solids. 

(Polymerization) 

40 

A 2 liter stainless steel autoclave thoroughly purged with nitrogen was charged with 600 ml of cyclohexane 
and 300 ml of 4-methyM-pentene, followed by rise in temperature of the system up to 70°C, Into the autoclave, 
1 mg atom of the benzene-soluble organoaluminum oxy-compound In terms of A! atom, 5x1 rr* mg atom of the 
titanium catalyst component [A] in terms of Ti atom prepared in Example 1 and 1.5x10-* mmol of bis(cyctopen- 
45 tadienyl)25rconium dichloride togetherwfth ethylene were Injected to initiate polymerization. The polymerization 
was carried out at the total pressure of 8 kg/cm^-G and 80°Cfor40 minutes while continuously feeding ethylene 
to the polymerization system. As the result, there was obtained 65.7 g of an ethylene/4-metriyM -pentene 
copolymer having MFR ofp.34 g/1 0 min, a density of 0.913 g/cm», an amount of decane-eoiuble portion at 23«C 
of 0.55% by weight and Mw/Mn of 1 1 -9. 

50 

Example 2 

(Preparation of benzene-insoluble organoaiumlnum oxy-compound [CJ) 

65 a 200 ml glass flask thoroughly purged with nitrogen was charged with 36.6 ml of a solution of a benzene- 

soluble organoaiumlnum oxy-compound prepared In the same manner as in Example 1 in toluene (A! » 2.73 
moW), 1.69 g of pulverized A^SO^^O (passed a 60-mesh screen) and 63.4 ml of toluene, and the con- 
tents of the flask were mixed together. 

17 
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The flask was then stirred at ao°C for 7 hours to obtain a benzene-Insoluble organoaluminum compound. 
The solubility of this compound in benzene kept at 60°C as measured was 0.3% by weight 

(Polymerization) 

Trie polymerization of Example 1 was. repeated except that in place of the benzene-soluble organoalumi- 
num oxy-com pound, trie benzene-Insoluble organoaluminum oxy-com pound as prepared above was used in 
an amount of 0.1 mg atom in terms of A! atom, 1 mmol of triisobutylaluminum was further used, the amount of 
the titanium catalyst component used was changed to 1x10-* mg atom and the amount of the zirconium com- 
10 ponent used was changed to 3x1 0* mg atom, whereby 49.0 g of an ethyfene/4-methyM-pentene copolymer 
having MFR of 0.05^/1 0 mm, a density of 0.904 g/cm*. an amount of decane-soluble portion at 23°C of 0.12% 
by weight and Mw/Mn of 7.0 was obtained. 

Examples 

1$ 

(Preparation of titanium catalyst component [A]) 

A mixture of 4.8 g of commercially available anhydrous magnesium chloride, 23.1 ni of 2-etbylhexyl alcohol 
and 27 ml of decane was allowed to undergo reaction by heating for 3 hours at 1 40°c, whereby a homogeneous 

20 solution containing magnesium chloride was obtained . To this solution, 200 ml of decane was added and with 
stirring at 20°C 52 ml of a solution of trimethylaluminum In decane (Al =1.0 mol/l) was added dropwise over a 
period of 30 minutes, followed by reaction for 1 hour at that temperature. Successively, the temperature was 
elevated to 80"C over a period of 1 hour, and the reaction was continued further at that temperature for 1 hour. 
After completion of the reaction, SO ml of a solution of diethyialuyninum chloride in decane (At = 1 mol/l) was 

25 added dropwise at 30*C to the reaction mixture over a period of 30 minutes, and the resulting mixture was then 
allowed to undergo reaction for 1 hour. After completion of the reaction, the resulting solid portion was separated 
by filtration. The solid portion thus obtained was suspended again In 200 ml of decane, and thereto 3.75 m! of 
a solution of 2-ethylhexoxy titanium trichloride in decane (Tl » 1 moM) was added to initiate reaction at B0*C 
for 1 hour. The reaction product obtained was the filtered and washed to obtain a solid titanium catalyst com- 

so ponent containing 1 .3% by weight of titanium, 1 1% by wefght of magnesium, 33% by weight of chlorine, 2.4% 
by weight of aluminum and 45% by weight of a 2-ethylhexoxy group. 

(Preparation of zirconium catalyst component) 

ss A 400 mi flask thoroughly purged with nitrogen was charged with 3.05 g of silica (F-943, a product of Fuji 
Davison Co.), which had been calcinated at 700°C for B hours, and 20 ml of decane, and the contents of the 
flask was brought to a suspension state. To the flask 7.61 ml of a solution of triisobutylaluminum in decane (Al 
= 1 mow) was added, followed by stirring at ream temperature for 30 minutes. Successively, 23 A ml of a solution 
of an organoaluminum oxy^compound prepared in the same manner as In Example 1 in toluene (Al * 2.73 mol/l) 

40 was added, fo Rowed by stirring at room temperature for 30 minutes. Subsequently, 12.8 ml of a solution of 
bis(cyclopentadtenyl)zGrconium dichloride in toluene {Zr = 0*04 moVf) was added, followed by stirring for 30 
minutes. After a further addition of 100 ml of decane, ethylene gas (ordinary pressure) was continuously intro- 
duced into the system to carry out pre-porymerizatfon at 30°C for 4 hours. The decane was the removed by 
decantatfon, and the remaining solid portion was subjected to hot washing (60*) four times with 100 mf of 

45 hexane, followed by washing (room temperature) four times with 1 00 ml of hexane. By virtue of this operation, 
there was obtained a solid catalyst containing, based on 100 g of silica, 9.5x1 0- 3 gram atom of Zr and 1.05 
gram atom Of Al, and 770 g of polyethylene. 

(PoJymerizatio n) 

so 

A 2-liter stainless steel autoclave thoroughly purged with nitrogen was charged with 150 g of sodium 
chloride (a special class product of Wako Junyaku K.K.), and vacuum dried at 90°C for 1 hour. The system 
was then coded to 65*C, and thereto, 0375 mmol of triisobutylaluminum, the titanium catalyst component as 
prepared above in an amount of 3.75x10-* mg atom-Ti and the zirconium catalyst component In an amount of 
ss 1.5x10-* mg atom Zr were added. Into the system, 500 ml of hydrogen and ethylene at 65°C were introduced 
to initiate polymerization at the total pressure of 8 kg/cm^G. The polymerization was carried out at 80*C for 1 
hour at the total pressure of 3 kg/cnvMS whfo feeding ethylene thereto. After completion of the polymerization, 
the sodium chloride was removed by water-washing, and the remaining polymer was washed with methanol 

18 
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and then vacuum dried at 80°C overnight As the result, therewas obtained 172-0 g of polyethylene having a 
bulking density of 0A*\ g/cm 3 . MFR of 0.08 g/1 0 mln and Mw/Mn of 6.5. 

Comparative Example 1 

5 

(Polymerization) 

The polymerization of Example 1 was repeated except that no titanium catalyst component was used, 
whereby 58.1 g of an ethylene/4-methyM-pdntene copolymer having MFR of ISOjj/IO mm, a density of 0312 
10 g/crrP, an amount of decane-eohibte portion at 23»C of 0.20% by weight and Mw/Mn of 3.6. 

Comparative Example 2 

The polymerization of Example 1 was repeated except that no zirconium catalyst component was used but 
is using the titanium catalyst component in an amount of 2x1 0- 3 mg atom-Ti, and hydrogen was introduced at 2 
kg/cm 5 into the system, whereby 61 JB g of an ethyteneAUnethyVI -pentene copolymer having MFR ofl^Oc/1 0 
min, a density of 0914g/crr^, an amount of decane^soluble porfion at23°Cof 11.9% by weighted Mw/Mnof 
73. 

20 Example 4 

(Preparation of solid titanium catalyst component [AD 

A rruture of 4.8 g of commercially available anhydrous magnesium chloride, 23,1 ml of 2-ethyttiexyl alcohol 
25 and 27 ml of decane was allowed to undergo reaction by heating tor 3 hours at 140 °C. whereby a homogeneous 
solution containfrig magnesium chloride was obtained. To this solution, 200 ml of decane was added and further, 
with stirring at 20 °C« 52 ml of a solution of trletbyialurmnum in decane (Al = 1.0 mol/l) was added drop wise 
over a period of 30 minutes, followed by reaction fori hour. Successively, the temperature of the reaction mixt- 
ure was elevated to80*C over a period of 1 hour, and the reaction was continued further at that temperature 
3D for 1 hour. After completion of the reaction, 60 ml of a solution of diethylalummum chloride tn decane (Al = 1 
moW) was added dropwfee at 80 °C overa period of 30 minutes, foflowed by reaction for 1 hour. After completion 
of the reaction, a solids portion was separated by filtration. The solids portion thus obtained was suspended 
in 200 ml of decane, and thereto, 3.76 ml of a solution of 2-ethylhexoxytitanlum trichloride In decane (Ti = 1 
mow) was added, followed by reaction at 80 °C fori hour. Filtration and washing of the reaction product gave 
ss a solid tSfemlum catalyst component containing 1,3% by weight of titanium, 11 % by weight of magnesium, 33 
% by weight of cWorlde, 2.4 % by weight of aluminum and 46 % by weight of a 2-ethylhexoxy group. 

(Preparation of organoaluminum oxy-compound [C]) 

40 A 400 ml flask thoroughly purged with nitrogen was charged with 37.1 g of A^SGOo 14HaQ and 133 ml of 
toluene, cooled to -S°C, and 47.9 ml of trimethylaluminum diluted with 152 ml of toluene was added dropwise 
overa period of 1 hour. After a 1-hour reaction at a temperature of from 0 Q to-6°C, the temperature was elevated 
up to 40 °C over a period of 3 hours, and the reaction was further continued at that temperature for 72 hours. 
After completion of the reaction, the reaction mixture was subjected to solid-liquid separation by tatration, and 

45 the toluene was removed from the filtrate, whereby a white solid organoaluminum oxy-compound was obtained. 

(Pre-polymertzatxon) 

A 400 ml glass flask thoroughly purged with nitrogen was charged with 20 ml of hexane. 6 ml of a slurry 
50 of the solid titanium catalyst [A] In hexane (TI = 0.0338 mol/l). 7.5 ml of a solution of trilsobutylaluminum In 
toluene (Al ^ 1.0 mol/1) and 27.8 ml of a solution of the organoaluminum oxy-compound [CI in toluene (Al « 0.9 
mol/l). and stirred at room temperature for 10 minutes. To the flask, 10.4 ml of a solution of bls(methylcyclopen- 
tadlenyOzirconium dlchloride in toluene (Zr « 0.048 moW) was then added, followed by stirring at room tem- 
perature for 15 minutes. Thereafter, 50 ml of hexane was added additionally to me flask, and ethylene was 
ss introduced into the system to initiate pre-polymerfeation. The pre-polymerlzabon was carried out at 25-30*C 
for 5 hours while feeding ethylene continuously under ordinary pressure. After completion of the pre-porymeri- 
zation, the hexane was removed by decantation from the reaction mbcture, and the resulting reaction mixture 
was washed with hexane to obtain a pre-pdymerized catalyst containing 32 g of polyethylene per 1 g of the 

19 
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solid titanium catalyst component [Al. The atomic ratio (Zr/Tl) of zirconium to titanium in this pre-polymerized 
catalyst was 1.9. 

Example 5 

5 

(Pre-pofymerizatfon) 

The pie-polymerization of Example 4 was repeated except that no triisobutylafuminum was used, and the 
amount of the organoalummum oxy»compound was changed to 69-5 mi, whereby a pre-polymerized catalyst 
10 containing 27 g of polyethylene and having the zfrconium/titaniutn atomic ratio (2r/Ti) of 1*6 was obtained. 

Example 6 

(Pre-polymerfzation) 

15 

A 400 mi gates flask thoroughly purged with nitrogen was charged with 35 ml of haxane, 21 .1 ml of a slurry 
Of the solid titanium catalyst component [Al in hexane (Ti « 0.0338 mol/l), 7.5 mi of a solution of trfisobutyialumi- 
nlum in toluene (Al = 1.0 moi/i) and 66.6 ml of a solution of the organoaiumlnum oxy-compound [C] in toluene 
(Al = 0,9 mol/l), and stirred at room temperature for 25 minutes. To the autoclave, 10-4 ml of a solution of 

20 bis(rr^ykydopentadlenyi)arconium dichloride in toluene (Zr = 0.048 mol/Q was men added, and stirred at 
room temparature for 5 minutes. The flask was then charged with 60 ml of hexane, and ethylene was Introduced 
into the system to initiate pre-polymerfzation. The pn^oiymerizatfan was carried out at 25 - 30*C for 5 hours 
while feeding ethylene continuously into the system under ordinary pressure. After completion of the p re-polym- 
erization, the hexane was removed by decantation from the reaction mixture, and the resulting reaction mixture 

Z$ was washed with hexane to obtain a p re-polymerized catalyst containing 1 0 g of polyethylene per 1 g of the 
solid catalyst component [AJ. The ziicoruum/titaniiim atomic ratio (Zr/Tl) In this pre-polymerlzed catalyst was 
0.45. 

Example 7 

so 

(Polymerization) 

A 2-llter stainless steel autoclave thoroughly purged with nitrogen was charged with 150 g of sodium 
chloride (a special grade product ofWako Junyaku K.K.), and vacuum dried at 90 °C fori hour. The system 

ss was then cooled to65°C and charged wfth the organoaiumlnum oxy-compound in an amount of 0.75 mg atom 
in terms of Al atom and the p re-polymerized catalyst as prepared in Example 4 in an amount of 7.8 X 10 -3 mg 
atom in terms of TI atom. Into the autoclave* 1 .3 litre of hydrogen and then ethylene were introduced at 65 °C t 
whereby polymerization was initiated under the total pressure of 3 kg/cm*-Q. The polymerization was then car- 
ried out at 80 °C for 1 hour while feeding ethylene thereinto and maintaining the total pressure at 8 kg/crn*-<3. 

40 After completion of the polymerization, the sodium chloride was removed by water washing, and the remaining 
polymer was washed with ethanol, followed by vacuum drying at 80 °C overnight 

As the result, ttjerewas obtained 82.0 g of polyethylene having a bulWng density of 0.39 g/cm*, MFR of 
0.03 gMO min and Mw/Mn of 5.8. 

45 Examples 

(Polymerization) 

The polymerization of Example 7 was repeated except that the pro-polymerized catalyst as prepared in 
sq Example 5 was used in an amount of 7.5 X 10/-* mg atom in terms of Tjatom, whereby 90,5 g of polyethylene 
havmg a bulking density of 0.40 g/cm\ MFR of 0.09 g/10 min and Mw/Mn of 8.3 was obtained. 

Examples 

53 (Polymerization) 

The polymerization of Example 7 was repeated except that the pre-polymerized catalyst as prepared in 
Example 6 was used in an amount of 3.3 X 1 0-* mg atom in terms of Ti atom, the amount of hydrogen added 

20 
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was changed to 0.5 litre, and no trfisobutyt aluminum was used, whereby 21 1.0 g of polyethylene having a bulk- 
ing density of 0.42 g/cm 3 and MFR of not more than 0.01 g/10 mln was obtained. 

Example 10 

5 

(Polymerization} 

A 2-liter stainless steel autoclave thoroughly purged with nitrogen was charged with 150 g of sodium 
chloride (a special grade product of Wako Junyatcj rtrt), and vacuum dried at 90 °C for 1 hour. The system 

10 was then cooled to 65 °C, and the autoclave was charged with the organoalumlnum oxy-com pound in an 
amount of 0.8 mg atom in terms of AI atom and the pre-polymerized catalyst as prepared In Example 4 in an 
amount of 1 XlO^mg atom In terms of Ti atom. Into the autoclave, hydrogen at a pressure of 1 .5 kg/cm? and 
a mixed gas of ethylene and 1-butene (containing 5.8 mol% of 1-butene) at 65°C were introduced, and potyrrv- 
erization was initiated under the total pressure of 8 kg/cm^G. The porymerizatioji was then carried out at 80°C 

16 for 40 minutes while feeding the above-mentioned mixed gas into the system and maintaining the total pressure 
at8 kg/cm*-G. After completion of the polymerization, th* sodium chloride was removed by water washing, and 
the remaining poJymer was washed with methanol, followed by vacuum drying at 80 *C overnight 

As the result there was obtained 107.6 g of an ethylene/l^utene copolymer having a bulking density of 
0.37 g/ctn*, MFR of 1.82 g/1 0 rota, a density of 0.925 g/cm3, Mw/Mn of 8.0 and an amount of decane-eoluble 

20 portion of 2.5 % by weight 

Comparative Example 3 
(Pre-polymertzBttdn) 

73 

A400 mJ flask thoroughly purged with nitrogen was charged wfth 3.05 g of silica (average particle dlamBter 
70 urn, specific surface area 260 rriVg, pore volume 1.65 cma/fc), which had been calcinated at 700 *C tor 6 
hours, and 20 ml of decane, and the contents of the flask were brought to a suspension state. The flask was 
then charged wfth 7.61 ml of a solution of triieobutytaluminurn in decane (AI * 1 moM), and stirred at room tem- 

50 peraturefbr30 minutes, and successively charged wfth 12-8 ml of a solution of the organoaluminfum compound 
in toluene (Al « 1.99 mol/l), followed by stirring at room temperature for 30 minutes. The flask was then charged 
wfth 1 1-0 ml of a solution of bie{rnethyicyctopenfedie^ dicWoride In toluene (Zr = 0.046 mol/l), and 

stirred for 80 minutes. After the addition of 100 ml of decane, ethylene gas (ordinary pressure) was introduced 
continuously into the system, whereby pre-polymerizatJon was carried out at 30*C for 4.5 hours. The decane 

95 was then removed by decantation, followed by hot washing (60 °C) fburtimes wfth hexane and washing (room 
temperature) for four times with hexane. By virtue of this operation, there was obtained a solid catalyst con- 
taining Zr in an amount based on 100 g of silica, of 12.0 X 10* gram atom, Al of 0.71 gram atom and 570 g 
of polyethylene* 

40 (Polymerization) 

The polymerization of Example 7 was repeated except that there were used 2.25 mmol of triisobutylalumk 
num and the pre-polymertzed catalyst as prepared above in an amount of 1.5 X 1fr* mg atom In terms of Zr 
atom the amount of hydrogen added was changed to 0.2 litre, and pofymerteation was carried out tbr2 hours, 
45 whereby 155 g of poryethylene having a bulking density of 0.42 g/cm* MFR of 0.25 g/10 mln and Mw/Mn of 
3.2 was obtained. 

Example 11 

so (Preparation of solid titanium catalyst component [A3) 

A 400 ml glass flask charged with 5.1 g of commercially available anhydrous magnesium chloride and 194 
ml of decane. was added dropwise with stirring 1 5-8 ml of ethanol over a period of 1 0 minutes, followed by ear- 
ring at room temperature for 1 hour. In this case, the internal temperature of the system was maintained at 35 
56 -40°C- The flask was then stirred at room temperature for 1 hour. Successively, 70£ ml of titanium tetrachloride 
was added dropwise over a period of 30 minutes, and the internal temperature of the system was then elevated 
to 80 °C, followed by sorting at that temperature tor 2 hours. The reaction product was filtered with a glass fitter 
equipped with a jacket kept at 80 °C and washed several times wtth decane to obtain a sofld titanium catalyst 

21 
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component containing 4.8 % by weight of titanium, 1 4 % by weight of magnesium, 57 % by weight of chlorine, 
2.2 % by weight of aluminum and 9-7% by weight of an ethoxy group. 

(Preparation of zirconium catalyst component [B]> 

A suspension of 0.65 g of tri(n-butyl)ammonium tetra(p-toJyl)borate In 50 ml of toluene, was added 0.50 g 
of bis(pentame^cydopentadienyI)<«methyl zirconium, followed by stirring at room temperature for 1 hour. 
After removal of parts of the toluene by distillation, the filtration was performed to obtain solids. The solids were 
washed with pentene and vacuum dried to obtain the zirconium catalyst component [BJ. 

10 

(Preparation of organoaluminum oxy-coropound [C]) 

A 400 ml flask thoroughly purged with nitrogen was charged with 37.1 g of AI^SO^y^HzO and 133 ml of 
toluene, and cooled to -5°<X To the flask, 47.9 ml of trimethylaluminum diluted with 152 ml of toluene was then 
is added dropwise over a period of 1 hour. After a 1-hour reaction at a temperature of from 0* to -5°C, the tem- 
perature was elevated up to 40 °c over a period of 3 hours , and the reaction was continued further for 72 hours 
at that temperature. After completion of the reaction, the reaction mixture was subjected to solid-liquid sepa- 
ration by filtration, and the toluene was removed from the filtrate to obtain a white solid organoaluminum oxy- 
compound. 

20 

(Polymerization} 

A 2-iltar stainless steel autoclave thoroughly purged with nitrogen was charged with 600 ml of cyclohexane 
and 300 ml of 4-methyl-1-pentene, and the internal temperature of the system was elevated to 70 °C, Into the 

25 autoclave, 1 mg atom-AI of organoaluminum oxy-compound [C], 1 X10*mg atom-Ti of the titanium catalyst 
component [AJ and 0.1 mg atom-Zr of the zirconium catalyst component [B] was then injected together with 
ethylene, thereby Initiating polymerization. The polymerization was carried out at 80 *C and the total pressure 
of 8 kg/cm*-G for 40 minutes white feeding ethylene continuously. As the result there was obtained54.2g of 
an ethylene/4-methyM-pentene copolymer having MFR of 0.03 fl/10 min, a density of 0.91 3 g/crn* Mw/Mn of 

so 9.8 and an amount of decane*eolub!e portion of 0.31 % by weight 

Example 12 

(Preparation of zirconium catalyst component (B)) 

35 

Example 11 was repeated except that in place of the bte(pentamethyl<yclopejita^ienyOdimethyl zirconium, 
there was used 0.32 g of bis(cydopen1adienyf)dimethyl zirconium, whereby the title zirconium catalyst compo- 
nent was obtained. 

40 (Polymerization) 

The polymerization of Example 1 1 was repeated except thatthe amount of the titanium catalyst component 
used was changed to 5X10-*mg atom, and there was used as trie zlrconhjm catalyst component the 2irconlum 
catalyst component as prepared above was used In an amount of 8 X 10* mg atom-Zr, whereby 4^9 g of an 
45 ethylene/4-methyl-1-pentene copolymer having MFRofO.59 g/10 min, a densfty of 0.913 g/cm 3 , Mw/Mn of 10.9 
and an amount of decaneHSoluble portion of 1.0 % by weight 

Comparative Example 4 

50 The polymerization of Example 12 was repeated except that no zirconium catalyst component was used, 
the titanium catalyst component was used in an amount of 2 X 10* mg atom-TI, and hydrogen was Introduced 
at a pressure 2 kg/cm* whereby 61 .5 g of an ethy ene/4-methyM-pentene copolymer having MFRof 1.30 g/10 
min, a density of D.914 g/cm*. an amount of decane-soluble portion of 11.9 % by weight and Mw/Mn of 7.3. 

55 Comparative Example 5 

The polymerization of Example 12 was repeated except that no titanium catalyst component was used, 
and there was used the zirconium catalyst component in an amount of 1 X 10* mg atom-Zr, whereby 50-5 g 
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of an ethytene/4-methy M -pentene copolymer having MFRof 7.9 g/10 mln, a density of 0.912 g/cm 3 . an amount 
of decane-sduble portion of 2.0 % by weight and Mw/Mn of 3.5 was obtained* 

5 Claims 

1. An olefin polymerization catalyst comprising 

EA] a titanium catalyst component containing titanium, magnesium and halogen as Its essential ingredients, 
[B-1] a transition metal compound containing a llgand having a cycloalkadienyl skeleton, and 
10 [C] an orgartoaluminum oxy-compound. 

2* An olefin polymerization catalyst according to daim 1 which further comprises 
IP] an organoalumJnum compound. 

is a. An olefin polymerization catalyst obtainable by pro-polymerizing an olefin In a suspension containing a 
catalyst as claimed In claim 1 or 2. 

4. An olefin polymerization catalyst comprising 
(I) a solid catalyst as claimed in claim 3 and 
20 (II) IQ] an organoaluminum oxy-compound and/or IP] an organoaluminum compound. 

& An olefin polymerization catalyst comprising 

[A] a titanium catalyst component containing titanium, magnesium and halogen as its essential ingredients, 
[B-2J a transition metal compound containing a llgand having a cycloalkadienyl skeleton and an anion corn- 
zs pound containing boron, and 

[O] an organoaluminum oxy-compound and/or [D] an organoaluminum compound. 

6. An olefin polymerization catalyst comprising 

(I) a solid catalyst component obtainable by pns-porymerizing of olefin in a suspension containing 

50 [A] a titanium catalyst component containing a llgand having a cycloalkadienyl skeleton and an anion com- 
pound containing boron, and 

(II) IQ3 an organoaluminum oxy-compound and/or ID] an organoaluminum compound. 

7. An olefin polymerization solid catalyst obtainable by pre-polymerizing an olefin in a suspension containing 
35 a catalyst as claimed in claim 5. 

8- A process for the polymerization of olefins, which comprises polymerizing or copolymertelng olefins In the 
presence of an olefin polymerization catalyst as claimed in any one of the preceding claims. 

40 
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